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POWER TOOL, LAWN MOWER, AND
CONTROL METHOD THEREOFK

RELATED APPLICATION INFORMATION

This application claims priorities to Chinese patent appli-
cation No. CN 201610323983.0, filed on May 16, 2016, and
Chinese patent application No. CN201610324416.8, filed on
May 16, 2016, and Chinese patent application No. CN

201610766724.6, filed on Aug. 30, 2016, the disclosure of
which are incorporated herein by reference in its entirety.

BACKGROUND
Technical Field

The present mvention relates to the field of power tools,
and more specifically, to a self-propelled lawn mower.

Related Art

Existing electric tools, such as lawn mowers and snow
sweeper, are equipped with an operation level or joysticks
for the user to push. Take a lawn mower as an example, the
lawn mower moves on the ground and performs the cutting
by the force applied to the operation level or joysticks. When
a lawn mower 1s used to cut grass 1n a certain area, 1t 1s oiten
necessary for the user to push the operation level, so that the
lawn mower can work or move back and forth 1n a straight
line to complete the cutting of the lawn 1n the area. There-
fore, the user needs to control the turning of the mower many
times 1n the process of driving the mower to realize the
mowing operation.

During the turning of the hand-pushed lawn mower, 1t
relies on the user’s push on the lever to achieve, the user
needs to consume a lot of energy, and the efliciency of the
cutting or lawn mower 1s greatly affected.

The mower with a self-driving function drives the front
wheel or the rear wheel of the mower by a motor. Although
it saves the user’s physical strength to a certain extent, 1t 1s
needed to adjust the mower’s self-walking speed by the
speed switch during the mower’s operation. The distance of
the speed switch far away from the handle brings inconve-
nience to the user’s operation. Moreover, 1n order to facili-
tate the turning of the mower, the user presses the operation
lever to lift the front wheel and drive the rear wheel to move
and turn. This way often makes the user or operator be
forced to walk quickly under the traction of the mower,
which 1s easy to cause security risks and 1s not good for the
user’s experience.

SUMMARY

To achieve the foregoing objective, the following techni-
cal solutions are used i the present invention:

A self-propelled lawn mower includes a blade, configured
to cut grass; a chassis, configured to accommodate the blade;
a front wheel connected to a front side of the chassis; a rear
wheel connected to a rear side of the chassis; a motor at least
configured to drive the rear wheel to rotate; a detection
apparatus configured to detect a rotational speed of the front
wheel; and a controller configured to enable the motor to
decelerate when the rotational speed of the front wheel
decreases, where the motor 1s connected to the rear wheel,
and the detection apparatus 1s electrically connected to the
controller.

10

15

20

25

30

35

40

45

50

55

60

65

2

Furthermore, the lawn mower further includes a fixed
assembly configured to rotate along with the front wheel,
where the detection apparatus includes: a sensor configured
to generate a signal when the fixed assembly passes across
a predetermined position; and the sensor 1s fixedly con-
nected to the chassis.

Furthermore, the sensor 1s disposed at a position near the
front wheel.

Furthermore, the lawn mower has two symmetrically-

disposed front wheels, and the sensor 1s near one of the two
front wheels.

Furthermore, the fixed assembly includes a magnetic

member, having magnetism, and the sensor includes a Hall
SENSor.

Furthermore, the fixed assembly includes an infrared

reflection member configured to retlect infrared radiation,
and the sensor includes an infrared sensor.

Furthermore, the fixed assembly includes a photoelectric
reflection member, and the sensor includes a photoelectric
SENSOr.

Furthermore, the lawn mower further includes: a handle
for a user to push the lawn mower, where the handle 1s
operably connected to the chassis.

Another lawn mower includes: a blade configured to cut
grass; a chassis configured to accommodate the blade; a
front wheel operably connected to a front side of the chassis;
a rear wheel operably connected to a rear side of the chassis;
a motor at least configured to drive the blade to rotate; a
detection apparatus configured to detect a rotational speed of
the front wheel; and a controller configured to enable the
motor to decelerate when the rotational speed of the front
wheel decreases.

Furthermore, the lawn mower further includes a fixed
assembly, configured to rotate along with the front wheel,
where the detection apparatus includes: a sensor configured
to generate a signal when the fixed assembly passes across
a predetermined position; and the sensor and the chassis are
fixedly connected.

Furthermore, the sensor 1s disposed at a position near the
front wheel.

Furthermore, the lawn mower has two-symmetrically
disposed front wheels, and the sensor 1s near one of the two
front wheels.

Furthermore, the fixed assembly includes a magnetic
member, an infrared reflection member or a photoelectric
reflection member, where the sensor includes a Hall sensor,
an inirared sensor or a photoelectric sensor.

Another lawn mower includes: a blade configured to cut
grass; a chassis configured to accommodate the blade; a
roller operably connected to the chassis; a motor at least
configured to drive the blade to rotate; a detection apparatus
configured to detect a rotational speed of the roller; and a
controller configured to enable the motor to decelerate when
the rotational speed of the roller 1s less than a predetermined
value.

A self-propelled power tool=includes: a handle config-
ured to operate the power tool by a user; a chassis connected
to the handle; a front wheel operably connected to a front
side of the chassis; a rear wheel, operably connected to a rear
side of the chassis; a motor at least configured to drive the
rear wheel to rotate; a detection apparatus configured to
detect a rotational speed of the front wheel; and a controller
configured to adjust, according to the detected rotational
speed of the front wheel, a current for driving the motor.

Furthermore, the power tool further includes a fixed
assembly configured to roll along with the front wheel,
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where the detection apparatus includes a sensor, configured
to generate a signal when the fixed assembly passes across
a predetermined position.

Furthermore, the power tool has two symmetrically-
disposed front wheels, and the sensor 1s near one of the two
front wheels.

Furthermore, the fixed assembly includes a magnetic
member, an inirared reflection member or a photoelectric
reflection member.

Furthermore, the sensor includes a Hall sensor, an infrared
sensor or a photoelectric sensor.

A method for controlling a self-propelled lawn mower 1s
provided, the lawn mower including: a front wheel operably
connected to a front side of a chassis; a rear wheel operably
connected to a rear side of the chassis; and a motor at least
configured to drive the rear wheel to rotate; and the control
method including: detecting a rotational speed of the front
wheel; determining whether the rotational speed of the front
wheel 1s less than a predetermined value; and when the
rotational speed of the front wheel 1s less than the prede-
termined value, reducing a drive current of the motor.

Furthermore, a duty cycle of a drive signal for driving the
motor 1s reduced to reduce the drive current of the motor.

Another self-propelled lawn mower includes: a blade,
configured to cut grass; a chassis, configured to accommo-
date the blade; a roller operably connected to the chassis; a
motor at least configured to drive the roller; a detection
apparatus at least configured to detect an attitude of the lawn
mower; and a controller configured to adjust a rotational
speed of the motor when the attitude of the lawn mower
changes.

Furthermore, the detection apparatus includes: an 1nertial
sensor, configured to generate a signal when the attitude of
the lawn mower changes, where the inertial sensor and the
chassis are fixedly connected.

Furthermore, the inertial sensor includes one or a com-
bination of an acceleration sensor and a gyroscope.

Furthermore, the lawn mower further includes: a handle
for a user to push the lawn mower, where the handle 1s
connected to the chassis.

Another self-propelled power tool includes: a handle for
a user to push the power tool; a chassis connected to the
handle; a roller operably connected to the chassis; a motor,
at least configured to drive the roller; a detection apparatus
at least configured to detect an attitude of a power tool; a
controller configured to adjust a rotational speed of the
motor when the attitude of the power tool changes.

Furthermore, the detection apparatus includes: an inertial
sensor, fixedly connected to the chassis.

Furthermore, the inertial sensor includes one or a com-
bination of an acceleration sensor and a gyroscope.

The foregoing power tool 1s a snow blower or a lawn
MOWwEer.

A method for controlling a self-propelled lawn mower 1s
provided, the lawn mower including a blade configured to
cut grass; a chassis configured to accommodate the blade; a
roller operably connected to the chassis; a motor, configured
to drive the roller; and the control method 1including: detect-
ing an attitude of the lawn mower; and adjusting a drive
current of the motor when the attitude of the lawn mower
changes.

Furthermore, the drive current of the motor 1s adjusted to
adjust a rotational speed of the motor.

A self-propelled lawn mower includes: a body; a blade
configured to cut grass; a chassis configured to accommo-
date the blade; a front wheel operably connected to a front
side of the chassis; a rear wheel operably connected to a rear
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side of the chassis; a rear-wheel motor at least configured to
drive the rear wheel to rotate; a detection unit, including a
plurality of detection elements, configured to detect an
actual attitudinal position when the front wheel of the lawn
mower 1s lifted to make a turn; and a controller configured
to control the rear-wheel motor to decelerate or accelerate
when the detected actual attitudinal position of the lawn
mower deviates from a predetermined attitudinal position.

Furthermore, the detection unit detects an angular veloc-
ity 1n a vertical direction perpendicular to a plane 1n which
the body of the lawn mower lies, and when the detected
angular velocity of the lawn mower 1s greater than a pre-
determined value and the position of the lawn mower 1s
higher than a zero potential surface, the controller enables
the rear-wheel motor to decelerate.

A self-propelled lawn mower 1ncludes: a body; a blade
configured to cut grass; a chassis configured to accommo-
date the blade; a front wheel operably connected to a front
side of the chassis; a rear wheel operably connected to a rear
side of the chassis; a rear-wheel motor at least configured to
drive the rear wheel to rotate; a detection unit, including a
plurality of detection elements, configured to detect an
actual attitudinal position when the body 1s making a turn;
and a controller, configured to control the rear-wheel motor
to decelerate or accelerate when the detected actual attitu-
dinal position of the body deviates from a predetermined
attitudinal position.

A selt-propelled lawn mower includes a body; a blade,
configured to cut grass; a chassis, configured to accommo-
date the blade; a front wheel operably connected to a front
side of the chassis; a rear wheel operably connected to a rear
side of the chassis; a rear-wheel motor at least configured to
drive the rear wheel to rotate; a detection unit, including a
plurality of detection elements, configured to detect an
actual attitudinal position when the body makes a turn; and
a controller configured to control the rear-wheel motor to
decelerate or accelerate when the detected actual attitudinal
position of the body deviates from a predetermined attitu-
dinal position.

A self-propelled lawn mower includes a body; a blade
configured to cut grass; a chassis configured to accommo-
date the blade; a front wheel operably connected to a front
side of the chassis; a rear wheel operably connected to a rear
side of the chassis; a rear-wheel motor at least configured to
drive the rear wheel to rotate; a detection unit, including one
or more detection elements, configured to detect an actual
attitudinal position of the body; and a controller configured
to control the rear-wheel motor to decelerate or accelerate
when the detected actual attitudinal position of the body
deviates from a predetermined attitudinal position.

A lawn mower 1ncludes a body; a blade configured to cut
grass; a chassis configured to accommodate the blade; a
front wheel operably connected to a front side of the chassis;
a rear wheel operably connected to a rear side of the chassis;
a rear-wheel motor at least configured to drive the rear wheel
to rotate; a detection unit, imncluding a plurality of detection
clements, configured to detect a plurality of axial positions
including at least a first axial position and a second axial
position, to obtain an actual attitudinal position of the body;
and a controller, configured to control the rear-wheel motor
to decelerate or accelerate when the detected actual attitu-
dinal position of the body deviates from a predetermined
attitudinal position.

A lawn mower 1ncludes a body; a blade configured to cut
grass; a chassis configured to accommodate the blade; a
front wheel operably connected to a front side of the chassis;
a rear wheel operably connected to a rear side of the chassis;
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a rear-wheel motor at least configured to drive the rear wheel
to rotate; a detection unit, including a plurality of detection
clements, configured to detect a plurality of axial position
measurements of the body at least including a first axial
position measurement and a second axial position measure-
ment, to obtain an actual attitudinal position of the body; and
a control and processing umt configured to control the
rear-wheel motor to decelerate or accelerate when the
detected actual attitudinal position of the body deviates from
a predetermined attitudinal position.

A lawn mower includes a body; a blade configured to cut
grass; a chassis configured to accommodate the blade; a
front wheel operably connected to a front side of the chassis;
a rear wheel operably connected to a rear side of the chassis;
a rear-wheel motor at least configured to drive the rear wheel
to rotate; a detection unit, including a plurality of detection
clements; and a control and processing unit configured to:
cnable the a plurality of detection elements to detect an
actual attitudinal position of the body when the body moves
to a position that presents an attitude; and control the
rear-wheel motor to decelerate or accelerate when the
detected actual attitudinal position of the body deviates from
a predetermined attitudinal position.

Furthermore, the control and processing unit includes a
processing unit configured to process data obtained by the
detection elements through detection to obtain the actual
attitudinal position of the body.

The beneficial eflects of the present invention lie in that
a speed of a front wheel 1s detected to control a moving
speed of a lawn mower, thereby enhancing the performance
of the lawn mower.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural perspective view of a lawn mower
according to an example of the present invention;

FIG. 2 1s a system block diagram of the lawn mower
shown 1n FIG. 1;

FIG. 3 1s a schematic diagram of a mounting position of
a detection apparatus i1n the lawn mower shown 1n FIG. 1;

FIG. 4 1s a schematic diagram of another mounting
position of the detection apparatus in the lawn mower shown
in FIG. 1;

FIG. 5 1s a structural perspective view of a lawn mower
according to another example of the present invention;

FIG. 6 1s a schematic structural diagram when a front
wheel of a lawn mower 1s lifted; and

FIG. 7 1s a system block diagram of the lawn mower
shown 1n FIG. 6.

DETAILED DESCRIPTION

The present invention 1s specifically described below with
reference to the accompanying drawings and specific
examples.

Referring to FIG. 1 and FIG. 2, a lawn mower 100
includes: a handle 10 for a user to operate the lawn mower,
a blade 20 configured to cut grass, a chassis 30 configured
to accommodate the blade, a front wheel 41 operably
connected to a front side of the chassis, and a rear wheel 42
operably connected to a rear side of the chassis.

The lawn mower 100 further includes a battery pack 90,
a circuit board 80, a self-propelled motor 51, a drive motor
52, a detection apparatus 60, and a controller 70. The battery
pack 90 1s used as a power supply for the lawn mower to
work. The battery pack 90 1s electrically connected to the
circuit board 80 and is configured to supply power to the
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lawn mower. The circuit board 80 1s electrically connected
to the detection apparatus 60, the self-propelled motor 51,
and the drive motor 52, respectively. The detection appara-
tus 60 1s configured to detect a rotational speed of the front
wheel 41. The controller 70 1s disposed on the circuit board
80 and configured to control the drive motor 52 and/or the
self-propelled motor 51. An output shait of the drive motor
52 1s connected to the blade 20 to drive the blade to work.
The selt-propelled motor 31 1s 1n transmission connection
with the rear wheel 42. The self-propelled motor rotates to
drive the rear wheel to move. Specifically, the controller 70
includes a first control module 71 and a second control
module 72. The first control module 71 1s configured to
control the rotation of the drive motor 52. The second
control module 72 1s set to output a signal for reducing a
rotational speed of the drive motor 52 when the detection
apparatus 60 detects that the rotational speed of the front
wheel decreases, so as to enable or control the self-propelled
motor 51 to decelerate. The controller may alternatively be
wirelessly connected to the detection apparatus. The first
control module and the second control module may alter-
natively be respectively disposed within two chips.

Referring to FIG. 3, the lawn mower 100 has two sym-
metrically-disposed front wheels 41 and two symmetrically-
disposed rear wheels 42 with respect to a central line of
respective front wheel and rear wheel axes. The front and
rear discussed herein are relative to the position of the
handle 10, where the position near the side of the handle 1s
referred to rear, whereas the position that 1s far away from
the side of the handle 1s referred to front. The two sym-
metrically-disposed front wheels are connected by a con-
necting shait connected to the chassis. The detection appa-
ratus 60 includes one or more detection elements. The
plurality of detection elements may be combined to perform
multi-dimensional detection. In an example of the present
invention, the detection apparatus 60 includes a sensor 61
and a fixed assembly 62. The fixed assembly 62 1s mounted
on the front wheels 41 and rotates along with the front
wheels. The sensor 61 1s fixedly connected to the chassis 30.
The sensor 61 1s configured to generate a signal when the
fixed assembly 62 passes across a predetermined position.
The predetermined position herein may be a sensing area in
which the sensor 61 can sense the passage of the fixed
assembly 62. The fixed assembly 62 rotates along with the
front wheels, and the sensor 61 generates one signal each
time the fixed assembly 62 passes across the predetermined
position. The rotational speed of the front wheels can be
obtained by recording a quantity of signals generated by the
sensor within a particular time. Specifically, the sensor 61 1s
disposed at a position, near the front wheels 41, on the front
side of the chassis, so that the sensor 61 can sense whether
the fixed assembly 62 passes across a predetermined area.
Certainly, referring to FIG. 4, the sensor 61 may alterna-
tively be disposed on the connecting shait connected to the
front wheels, and 1s near the front wheels on which the fixed
assembly 62 1s disposed. It should be noted that the positions
of the sensor 61 and the fixed assembly 62 are not limited
thereto, provided that the sensor can generate a signal when
the fixed assembly passes by the sensor so as to measure the
speed of the front wheels.

Furthermore, the sensor 61 includes a Hall sensor. The
fixed assembly 62 includes a magnetic member. In an
example, the Hall sensor 63 1s fixedly connected to the
chassis 30. The magnetic member 1s mounted on the front
wheel 41. The front wheel rotates to drive the magnetic
member to rotate to generate a changing magnetic field. The
Hall sensor detects the rotational speed of the front wheel 1n




US 10,369,424 B2

7

real time according to the changing magnetic field. A
quantity of the magnetic members may be increased accord-
ing to a specilic response requirement ol the lawn mower.
The sensor 61 may alternatively be an infrared sensor. In this
case, the fixed assembly 62 1s an infrared sensor that can
reflect infrared radiation. When the sensor 61 1s a photo-
clectric sensor, the fixed assembly 62 i1s a photoelectric
reflection member that can retlect light. Certainly, the sensor
61 and the fixed assembly 62 may alternatively include a
combination of the foregoing sensors and fixed assemblies.
The sensor 61 may alternatively be a pressure sensor, and the
fixed assembly 62 1s a pressure sensing probe. The change
of the pressure of the front wheel 1s detected to control a
rotational speed of the self-propelled motor.

Referring to FIG. 2, the lawn mower 100 further includes
a processor 64. The processor 64 receives a signal that 1s
collected from the sensor 61 and 1s in relation to the
rotational speed of the front wheel 41. The signal 1s pro-
cessed by the processor 64 and 1s converted 1nto a rotational
speed signal of the front wheel, and the rotational speed
signal 1s 1nput to the second control module 72. When the
rotational speed of the front wheel decreases, the second
control module 72 outputs a control instruction for reducing
the rotational speed of the selt-propelled motor 531. When the
lawn mower 100 moves autonomously, the second control
module 72 controls the self-propelled motor 51 to work. The
self-propelled motor 51 drives the rear wheel 42 to rotate to
push the lawn mower 100 to move. When the lawn mower
100 makes a turn, a user presses the handle to 1ift the front
wheel of the lawn mower. The front wheel 1s no longer
subject to a pushing force, thus enabling the speed of the
front wheel to decrease. The second control module outputs
the control 1nstruction for reducing the rotational speed of
the self-propelled motor when the speed of the front wheel
decreases, enabling the rotational speed of the motor to
decrease, so as to reduce a moving speed of the rear wheel
driven by the self-propelled motor. In this way, the defect
that a self-propelled speed of the lawn mower 1s excessively
high to pull the user to gallop can be overcome, and a
desirable experience of the user 1s achieved.

In another example, the lawn mower 100 moves at a
predetermined self-propelled speed. The detection apparatus
detects the rotational speed of the front wheel 1n real time.
The second control module 72 may adjust the rotational
speed of the seli-propelled motor 1n real time 1n a stepwise
manner according to the speed of the front wheel. For
example, when the sensor detects that the rotational speed of
the front wheel decreases to a first rotational speed, the
second control module 72 controls the rotational speed of
the self-propelled motor to decrease to a first speed. When
the sensor detects that the rotational speed of the front wheel
decreases to a second rotational speed, the second control
module 72 controls the rotational speed of the self-propelled
motor to decrease to a second speed. When the sensor
detects that the rotational speed of the front wheel decreases
to a third rotational speed, the second control module 72
controls the rotational speed of the self-propelled motor to
decrease to a third speed or zero. The third rotational speed
1s lower than the second rotational speed. The second
rotational speed 1s lower than the first rotational speed. The
third speed 1s lower than the second speed. The second speed
1s lower than the first speed. Certainly, when the rear wheel
of the lawn mower pushes the front wheel to move and
operate on the ground, the speed of the front wheel gradually
increases. When the detection apparatus detects that the
rotational speed of the front wheel 1s the third rotational
speed, the second control module 72 controls the rotational
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speed of the seli-propelled motor to increase to the third
speed. When the rotational speed of the front wheel 1s the
second rotational speed, the second control module 72
controls the rotational speed of the self-propelled motor to
increase to the second speed. A similar process 1s performed
until the lawn mower 100 moves at a predetermined seli-
propelled speed again. The second control module may
adaptively adjust the rotational speed of the self-propelled
motor according to the rotational speed of the front wheel
detected by the detection apparatus 1n real time, so that the
inconvenience of mechanical adjustment 1s avoided, and the
life of the self-propelled motor and the performance of the
lawn mower are thus improved. In addition, the second
controller 72 may proportionally change a voltage or a
current applied to the self-propelled motor 5151.

Furthermore, the lawn mower 100 further includes a drive
circuit 81. The drive circuit 81 1s serially connected between
the second control module 72 and the self-propelled motor
51. The second control module 72 adjusts a duty cycle of a
drive signal of the drive circuit to change a current applied
to the seli-propelled motor 51. Specifically, the detection
apparatus detects the rotational speed of the front wheel.
When the second control module determines that the rota-
tional speed of the front wheel 1s less than a predetermined
value of the second control module, the second control
module 72 outputs a control instruction for reducing the duty
cycle of the drive circuit to reduce the current or voltage of
the selt-propelled motor. The second controller 72 may be
adapted to output, according to the rotational speed signal of
the front wheel input by the detection apparatus, the voltage
or current applied to the self-propelled motor 51, so as to
ensure that the current output by the self-propelled motor
matches the rotational speed of the front wheel to protect the
seli-propelled motor. Specifically, the second control mod-
ule 72 may obtain an acceleration of the front wheel accord-
ing to the rotational speed of the front wheel 1nput 1n real
time by the detection apparatus. The acceleration will sud-
denly change when the front wheel 1s lifted. In this case, the
second control module 72 1s triggered to output the control
instruction. Optionally, the second control module 72 may
alternatively increase 1n a stepwise manner, according to the
rotational speed of the front wheel input 1n real time by the
detection apparatus, the duty cycle of the drive signal that
drives the self-propelled motor. An mput signal and an
output signal of the second control module 72 may be
adjusted by using PID.

Furthermore, after the second control module 72 outputs
the control 1nstruction for reducing the rotational speed of
the self-propelled motor, the first control module 71 enables
the drive motor 52 to decelerate. Specifically, a switch
clement 82 is serially connected between the first control
module 71 and the drive motor 52. The switch element 82
may form a switch circuit to drive, under the control of the
first control module 71, the drive motor 52 to rotate. The
switch element 82 includes a field eflect transistor. When the
lawn mower makes a turn and the front wheel 1s lifted, at
least a part of the blade leaves the ground. As the rotational
speed of the drive motor 1s reduced at the same time when
a moving speed ol the lawn mower 1s reduced, electrical
energy can be saved. Apparently, the switch element 82 may
alternatively be a mechanical switch. A user manually oper-
ates the mechanical switch to control the drive motor to
work or stop.

Referring to FI1G. 5, FIG. 5 1s a structural perspective view
of the mside of a lawn mower 100" according to another
example. The lawn mower 100' includes: a handle 10" used
by a user to operate the lawn mower, a blade 20' configured
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to cut grass, a chassis 30' configured to accommodate the
blade, a front wheel 41' operably connected to a front side

of the chassis, a rear wheel 42' operably connected to a rear
side of the chassis, and a detection apparatus 60'. A ditler-
ence from the foregoing examples lies 1n that the lawn 5
mower 100" includes a motor 50. The motor 50 1s connected

to the blade to drive the blade to rotate. The motor 50 1s
connected to a gearbox 53. The gearbox 33 1s 1in transmission
connection with the rear wheel 42'. The motor 50 drives the
gearbox to rotate to drive the rear wheel 42' to move. That 10
15, the motor 50 1n the lawn mower 100' can both drive the
blade 20' to rotate and drive self-propelling of the rear wheel
42'. A controller 70' controls the working of the motor 50
according to a rotational speed of the front wheel detected by
the detection apparatus 60', so as to control a moving speed 15
of the rear wheel. The basic working principles and control
implementations of the lawn mower 100" are generally the
same as those of the foregoing lawn mower 100. Details are
not described herein again.

It should be noted that a power tool such as a snow blower 20
that has a self-propelled function also falls within the
protection scope of the present invention.

A method for controlling the lawn mower 1n the foregoing
implementation 1s provided, including: detecting a rotational
speed of a front wheel; determining whether the rotational 25
speed of the front wheel 1s less than a predetermined value;
and when the rotational speed of the front wheel 1s less than
the predetermined value, reducing a rotational speed of a
motor. Specifically, a drive current of a drive motor 1s
reduced to reduce the rotational speed of the drive motor to 30
a particular value. Further specifically, a duty cycle of a
drive signal of the drive motor 1s reduced to reduce the drive
current of the motor.

Referring to FIG. 6, when the lawn mower 100 makes a
turn, a user presses the handle to lift the front wheel of the 35
lawn mower. In this case, the attitude of the lawn mower 100
changes, and the lawn mower 100 1s at a particular t1lt from
the ground. It 1s defined that a horizontal plane 1n which the
ground lies 1s an X-Y plane. A 7 axis 1s perpendicular to the
X-Y plane. Apparently, the X-Y plane 1s a zero potential 40
surface. The detection apparatus 60 can detect the attitude of
the lawn mower 100.

FIG. 7 1s a system schematic block diagram of the lawn
mower 100, including a battery pack 90, a detection appa-
ratus 60, a processor 64, a controller 70, a drive circuit 81, 45
a self-propelled motor 51, and a drive motor 52. The battery
pack 1s configured to supply power to the lawn mower. The
controller 70 and the drive circuit 81 may both be integrated
on the circuit board 80.

In a specific solution, the detection apparatus 60 includes 50
an 1nertial sensor. The 1nertial sensor may be disposed at any
position on the chassis 30 and 1s fixedly connected to the
chassis. The 1nertial sensor 1s electrically connected to the
controller. The controller 70 receives a signal that 1s 1input
from the 1nertial sensor and 1s about an attitude of the lawn 55
mower. The controller 70 adjusts a rotational speed of the
self-propelled motor 51 according to a change of the attitude
of the lawn mower when the attitude of the lawn mower
changes. When the lawn mower makes a turn, the user
presses the handle to 1ift the front wheel of the lawn mower. 60
When the position of the lawn mower changes, the controller
70 reduces the rotational speed of the self-propelled motor
according to the change of the position of the lawn mower
detected by the inertial sensor 61, to enable the speed of the
lawn mower to decrease, so that the lawn mower can 65
adaptively help the user to push the lawn mower to make
turns or move. It should be noted that the electrical connec-
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tion between the detection apparatus and the controller may
include a wired electrical connection manner and a wireless
clectrical connection manner.

The 1nertial sensor 1s a gyroscope 63. The gyroscope 1s
mounted on the chassis 30. The gyroscope and the chassis
are kept level with each other. When the lawn mower moves
forward horizontally, an angle signal 1n a vertical direction
of the lawn mower detected by the gyroscope 1s zero. That
1s, the lawn mower 1s located at a zero potential surface. The
attitude of the lawn mower changes when the front wheel of
the lawn mower 1s lifted. The angle signal 1n the vertical
direction of the lawn mower detected by the gyroscope 1s not
zero, and the position of the lawn mower 1s higher than the
zero potential surface. Possibly, the gyroscope may be
disposed at a position, near the front wheel, on the chassis,
so that the gyroscope can rapidly detect the change of the
angle of the lawn mower. The gyroscope 1s 1n communica-
tion connection with the controller 70. When the angle of the
lawn mower detected by the gyroscope changes and the
position of the lawn mower 1s higher than the zero potential
surface, the controller 70 reduces the rotational speed of the
motor to reduce a rotational speed of a rear wheel, so as to
reduce the speed of the lawn mower.

In another example of the present invention, the front
wheel of the lawn mower 1s lifted. The detection apparatus
60 detects an angular velocity 1n a vertical direction Z
perpendicular to a plane in which the body of the lawn
mower lies. When the detected angular velocity of the lawn
mower 1s greater than a predetermined value and the posi-
tion of the lawn mower 1s higher than a zero potential
surface, the controller 70 enables the rotational speed of the
motor to decelerate to reduce the rotational speed of the rear
wheel, so as to reduce the speed of the lawn mower.

The lawn mower 100 further includes a processor 64. The
inertial sensor may be an acceleration sensor 635. The accel-
eration sensor 63 1s mounted at any position on the chassis
30 and 1s kept level with the chassis 30. The acceleration
sensor 65 may measure accelerations 1 an X axis, a Y axis,
and a Z axis of the lawn mower. The processor 64 1is
mounted on the chassis and 1s connected to the acceleration
sensor 65. The processor 64 performs processing of inverse
trigonometric functions and filtering processing on data
about the accelerations 1n the X axis, the Y axis, and the Z
axis of the lawn mower that are detected by the acceleration
sensor 65 to obtain data about an attitude of the lawn mower.
The controller 70 1s electrically connected to the processor
64. The controller 70 reduces the rotational speed of the
motor according to the received data that 1s obtained through
processing by the processor 64 and 1s about the attitude of
the lawn mower. The 1nertial sensor may alternatively be a
combination of the acceleration sensor 635 and the gyroscope
63. The acceleration sensor 65 and the gyroscope 63 are both
disposed on the chassis 30. Specifically, the acceleration
sensor 65 and the gyroscope 63 are disposed 1n parallel at an
interval on the chassis 30 1n an X axis direction or in parallel
at an interval on the chassis 1n a Y axis direction. Only
examples of possible positions of the acceleration sensor and
the gyroscope are shown here, and the present invention 1s
not limited thereto.

The controller 70 in this example includes a first control
module 71 configured to control the drive motor 52 and a
second control module 72 configured to control the seli-
propelled motor 51. The first control module 71 1s electri-
cally connected to the second control module 72. Optionally,
when the second control module outputs a control nstruc-
tion for reducing the rotational speed of the self-propelled
motor 51, the first control module outputs a control mnstruc-
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tion for reducing the rotational speed of the drive motor 52
to save electrical energy of the battery pack. Certainly, two
different controllers may also be configured to respectively
control the drive motor 52 and the self-propelled motor 51.
The two controllers may both be integrated on the same
circuit board. The lawn mower 100 further includes a drive
circuit 80 configured to drive the motor to work. The drive
circuit 80 1s electrically connected to the second control
module 72 and the self-propelled motor 51. The second
control module 72 controls a drive signal of the drive circuit
80 to drive the selif-propelled motor to work. Specifically, the
foregoing detection apparatus 60 detects a change of the
attitude of the lawn mower. The second control module 72
outputs, according to a detected grass cutting attitude
change, a control signal for reducing a duty cycle of the
drive signal of the drive circuit 80. The rotational speed of
the seltf-propelled motor 1s reduced 1n a manner of reducing
the duty cycle of the drive signal of the drive circuit 80. For
example, when the lawn mower 100 makes a turn, a user
presses the handle to 1ift the front wheel of the lawn mower.
When the gyroscope detects that the angle signal 1n the
vertical direction of the lawn mower 1s not zero, the second
control module 72 responds to the input of the gyroscope to
output a control 1nstruction for reducing the duty cycle of the
drive signal of the drive circuit 80, to enable the rotational
speed of the self-propelled motor to decrease. When the
lawn mower finishes making a turn, the front wheel 1s put
down, and the lawn mower continues to move to cut grass.
When the gyroscope detects that the angle signal 1n the
vertical direction of the lawn mower 1s zero, the second
control module 72 responds to an mput signal of the gyro-
scope to output an control instruction for increasing the duty
cycle of the drive signal of the drive circuit 80, so as to
enable the rotational speed of the self-propelled motor to
increase until a predetermined self-propelled speed of the
lawn mower 1s restored. Certainly, the second control mod-
ule 72 may alternatively adjust the rotational speed of the
motor in a manner of adjusting a drive current or a drive
voltage of the motor. Certainly, the switch element 82 may
alternatively be serially connected between the first control
module 71 and the drive motor 52 to control the work of the
drive motor. The switch element 82 may be an electronic
switch or a mechanical switch. The electronic switch 1s a
field effect transistor. Alternatively, the electronic switch
clement may be integrated on the drive circuit.

In some examples of the present invention, the lawn
mower includes a body. The detection apparatus 60 may be
a detection unit. The detection unit includes a plurality of
detection elements configured to detect an actual attitudinal
position of the body, and control the rear-wheel motor to
decelerate or accelerate when the obtained actual attitudinal
position of the body deviates from a predetermined attitu-
dinal position.

In an example of the present invention, the plurality of
detection elements are configured to detect plurality of axial
positions of the body that include at least a first axial
position and a second axial position, where the first axial
position 1s different from the second axial position, so as to
obtain an actual attitudinal position of the body. Certainly,
the detection unit may alternatively detect the plurality of
axial position measurements of the body. The position
measurement 1s a measurement about passing a position, and
1s, for example, a speed, an angular acceleration or an
angular velocity. The present invention 1s not limited
thereto.

In some other examples of the present invention, the lawn
mower 1icludes a control and processing unit, configured to:
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cnable the plurality of detection elements to detect an actual
attitudinal position of the body when the body moves to a
position to present an attitude; and enable the rear-wheel
motor to decelerate or accelerate when the obtained actual
attitudinal position of the body deviates from a predeter-
mined attitudinal position. It should be noted herein that an
object that can be detected by these detection elements 1s the
front wheel, the chassis, or any position on the body. The
plurality of detection elements perform detection together,
and the control and processing unit performs processing to
obtain the actual attitudinal position of the body, so as to
control the rear-wheel motor to decelerate or accelerate.

It should be noted that the present mmvention 1s not
necessarily a lawn mower having a self-propelling function,
and may alternatively be some other lawn mowers. No
limitation 1s constituted herein. The foregoing shows and
describes the basic principles, major features and advantages
of the present mvention. A person skilled 1n the art should
understand that the present invention 1s not limited 1n any
form 1n the foregoing examples. Any technical solution
obtained by using equivalent replacements or equivalent
conversions shall fall within the protection scope of the
present 1nvention.

What 1s claimed 1s:

1. A self-propelled lawn mower, comprising:

a blade configured to cut grass;

a chassis configured to accommodate the blade;

a front wheel connected to a front side of the chassis:

a rear wheel connected to a rear side of the chassis:

a motor at least configured to drive the rear wheel to

rotate,

a detection apparatus configured to detect a rotational

speed of the front wheel; and

a controller configured to control the motor to decelerate

when the rotational speed of the front wheel decreases,
wherein

the motor 1s operably connected to the rear wheel, and the

detection apparatus 1s electrically connected to the
controller.

2. The lawn mower according to claim 1,

turther comprising:

a fixed assembly configured to rotate along with the front

wheel, wherein

the detection apparatus comprises:

a sensor configured to generate a signal when the fixed

assembly passes across a predetermined position; and
the sensor 1s fixedly connected to the chassis.

3. The lawn mower according to claim 1, wherein the
sensor 1s disposed at a position near the front wheel.

4. The lawn mower according to claim 2, wherein the
fixed assembly comprises a magnetic member, an infrared
reflection member or a photoelectric reflection member.

5. The lawn mower according to claim 2, wherein the
sensor comprises a Hall sensor, an inifrared sensor or a
photoelectric sensor.

6. The lawn mower according to claim 1,

turther comprising:

a handle for a user to push the lawn mower, wherein

the handle 1s operably connected to the chassis.

7. A self-propelled power tool, comprising:

a handle configured to operate the power tool;

a chassis 1s connected to the handle;

a front wheel operably connected to a front side of the

chassis:

a rear wheel operably connected to a rear side of the

chassis:
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a motor at least configured to drive the rear wheel to
rotate,

a detection apparatus configured to detect a rotational
speed of the front wheel;

a controller configured to adjust, according to the detected
rotational speed of the front wheel, a current for driving
the motor, and

a 1ixed assembly configured to roll along with the front
wheel, wherein

the detection apparatus comprises a sensor configured to
generate a signal when the fixed assembly passes across
a predetermined position.

8. A method for controlling a self-propelled lawn mower,

the lawn mower comprising:

a front wheel operably connected to a front side of a
chassis:

a rear wheel operably connected to a rear side of the
chassis; and

a motor at least configured to drive the rear wheel to

rotate; and

the method comprising:
detecting a rotational speed of the front wheel;
determining whether the detected rotational speed of the
front wheel 1s less than a predetermined value; and
when the rotational speed of the front wheel 1s less than
the predetermined value, reducing a drive current of the
motor.
9. The control method according to claim 8, wherein a
duty cycle of a drive signal for dniving the motor 1s reduced
to reduce the drnive current of the motor.
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